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[57] ABSTRACT

A proximity detector including a sensor unit that produces
an analog signal and a processor circuit digitizing this signal.
The processor circuit includes logic that determines a
switching value from an initial value and an extreme value
obtained during a learning mode.

26 Claims, 2 Drawing Sheets
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1
LEARNING PROXIMITY DETECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns a proximity detector of
the inductive. photoelectric or any other type. comprising a
sensor unit adapted to deliver an analogue detection signal
according to the range of a target and an electronic processor
circuit connected to an output stage that delivers a signal
indicating the presence or the absence of a target according
to whether the range of the target is less than or greater than
a switching distance.

2. Discussion of the Background

The switching distance specific to a detector of this kind
vartes from one equipment to another and, for the same
equipment. with its installation or environmental conditions.
in particular in the case of an inductive detector embedded
in a mass of metal or a photoelectric cell operating with a

bright background.

It would therefore be useful to be able to calibrate the
proximity detector in situ.

It has previously been proposed (see document DE-43 31
333) to calibrate a proximity detector in the factory or on the
user’'s premises using control logic to which a non-volatile
memory and a counter are connected. An object is placed at
a predetermined fixed distance from the detector and count-
ing is started when the logic is activated by a calibration
signal; the count value is passed through a digital-to-
analogue converter and then compared with the value of the
detected signal; as soon as it reaches this value. the count is
stopped and the corresponding value is placed in memory.
However. a device of this kind cannot be used with a target
that moves during the calibration phase.

SUMMARY OF THE INVENTION

An aim of the invention is to calibrate the switching point
of a proximity detector by dynamically analysing the move-
ment of the target to be detected. in a reliable manner that
allows great flexibility of adaptation to the user’s site.

Another aim of the invention is to enable the detector to
be calibrated regardless of whether the moving target is
initially nearby or far away. by dynamically analyzing this
movement and to enable the detector to be recalibrated in the
same way 1n operation. if necessary.

In accordance with the invention. the processor circuit
includes means for digitizing the analog signal and acqui-
sition and calculation means included in logic controlled by
a learning signal. the acquisition and calculation means
being used in a learning phase and acquiring at the start of
the learning phase an initial value v, of the digital detection
signal indicative of an initial position of the target. acquiring
during the learning phase an extreme value v,, of said signal
indicative of an intermediate state of the target and calcu-
lating a switching value v_ according to the initial value v,
and the extreme value v,,. the logic defining the end of the
learning phase when the value of the detection signal is
indicative of return of the target to a state near its initial
state, preferably according to the difference between them
and the sign of the latter difference.

The learning phase starts from the first application of the
supply voltage to the detector. preferably with a slight
time-delay, or when an external control signal is applied to
a terminal of the detector.

The calibration already carried out is not altered when the
detector is powered up again.
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The processing logic includes validation means that,
firstly, determine the end of the learning phase and validate
the calibration when the detection signal reaches a final
value close to the initial value and, secondly. invalidate the
calibration if the extreme value remains within a blind area.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description of one non-limiting
embodiment, given with reference to the accompanying
drawings. illustrates the features and the advantages of the
invention in which:

FIG. 1 shows a proximity detector of the invention in the

| form of a block diagram;

FIG. 2 is a diagram showing the variation of the analog
detection signal during a learning operation in the case
where the target is far away at the start of the learning
operation;

FIG. 3 is a similar diagram in the case where the target is
nearby at the start of the learning operation;

FIG. 4 1s a flowchart showing the operation of the
detector; and

FIG. 5 1s a flowchart of the calculation distinguishing a
target that 1s initially nearby from a target that is initially far
away,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The proximity detector D shown in FIG. 1 comprises in
a casing 10 a sensor unit 11 that can be of any of the usual
types: inductive, capacitive, photoelectric, ultrasonic or the
like. and which delivers an analog detection value, in the
case of the present invention a voltage V., which is indicative
of the range X of an object or target A.

The casing 10 of the detector includes terminals 12 for
external connection to a power supply and to a load. and
possibly to an external calibration control device. The casing
also contains a power supply unit 13, an electronic processor
circuit 14 and an output stage 15.

The power supply unit 13 derives from the external
supply voltage a voltage V™ supplying the sensor unit and
supply voltages for the other components of the detector.
The input of the electronic processor circuit 14 is connected
to digitiser means 16, for example an analog-to-digital
converter, for converting the analog voltage supplied by the
sensor unit into a digital signal v. The processor circuit 14
includes processor logic 17 and a non-volatile memory 18
that can be erased and rewritten, for example an EEPROM
or like memory.

The digital value v from the converter 16 is applied to the
input of the logic 17. The latter comprises hardwired logic,
a microcontroller or a microprocessor, for example. and is
connected to the EEPROM 18 so that it can write and read
therein a digital reference value corresponding to the switch-
ing distance.

The proximity detector and its processor logic 17 in
particular are designed to operate in a learning mode in
which the switching value specific to the detector is written
into the memory in situ and a detection mode in which this
same value is read out from the memory.

The expression *learning mode” refers to a mode of
operation in which, while the target is in motion, i.e. moving
closer and then further away—or further away and then
closer—the detector acquires a plurality of digital detection
values characteristic of the target and determines from these
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the digital switching value v_ that is then stored in the
memory 18. In the detection mode the detector samples the

digital value and compares it with the value in memory to
deliver the signal indicating absence or presence of a target.

The processor logic is connected to a display device 19,
for example at least one light-emitting diode, adapted to give
different luminous indications in the learning mode and in
the detection mode. The power supply unit 13 is connected
to an initialization circuit 20 in turn connected to the logic
17 to apply to the latter a reset signal R that initializes the
learning phase when the supply voltage is applied to the
detector for the first time. As shown in dashed line in FIG.
1. the learning phase can also be initialized during operation
by having the processor logic apply a reset to zero signal RZ,
to one of the terminals 12 connected to the logic and to an
external bus or conductor.

The processor logic 17 includes means 17a for acquiring
and calculating various digital values and means 175 for
validating some of these values. The logic is connected to
the output stage 15 to which it delivers a signal which is
amplified to produce an output signal S available at the
terminals 12. As already mentioned. depending on the value
of v relative to v in the detection mode. the signal S has a
first level when the range X of the target A is greater than a
switching distance X and a second level when X<X_.

FIGS. 2 and 3 show two different learning modes. respec-
tively with the target absent and present at the start of the
learning phase. These figures are graphs showing the varia-
tion in the analog voltage V produced by the sensor umit 11
as a function of time t. The corresponding digital values are
denoted v with the respective suffix.

In both cases, the acquisition and calculation means 17a
acquire at time t, an initial digital value v, (voltage V)
when the reset signal R or the reset to zero signal RZ has
been applied to the processor logic 17. During the learning
phase the acquisition and calculation means 17a acquire a
measured or calculated digital extreme value v,, and then
determine the digital switching value v_. on the basis of the
learning amplitude difference vy—v,,.

In the FIG. 2 learning mode. the target A being initially far
away. the sensor unit 11 initially outputs a maximal voltage

V,. The target A moves closer and then farther away. with
the result that the voltage falls to a minimal value V ;. and

then rises again to its initial value V. The extreme value V,,,
characteristic of the learning operation is either made equal
to the corresponding minimal value V_;, or, if the variation
curve V(t) includes one or more peaks due to non-uniform
movement of the target, the largest maximal value V, ,
between two minimal values V, ,. V, . or an appropriate
combination of these values. The end t, of the learning phase
is defined when the voltage rises to a threshold value V; near
V,, but slightly below V. for example 2% less than V. in
order to avoid overheating and drift problems; the corre-
sponding digital value is v,.

The logic 17 preferably calculates the digital switching
value v_ using an appropriate function of the amplitude
difference v,—v,, or using a linear function k,v,-k,v,, of the
initial value and the extreme value to be stored in the
memory 18. The logic 17 also calculates a hysteresis value
v, as a function of the amplitude difference. for example
0.1(v,-v,,) or as a fraction of v... this value being also stored
in the memory 18. It goes without saying that the memory
18 can store either the values indicated or the values or
parameters needed to calculate them.

A threshold V_ locked to the initial value V, defines a
calibration blind area Z such that if at least one of the values
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acquired or calculated during the learning phase (V,,;n. Voax
or v_) is in this area the validation means 17b invalidate the
calibration.

In the FIG. 3 learning mode, the target A is initially near
the detector with the result that the sensor unit supplies a
minimal value V,, from the start t, of the learning phase. The
target A moves farther away and then closer, with the result
that the voltage rises to a maximal value V, .. possibly via
peaks defining a minimal value V,;, between two succes-
sive maximal values. and then falls to its initial value V.
The end t, of the learning phase is defined when the voltage
reaches a value V, near V, but slightly below V, The
extreme value v is made equal to v,,, Of V,,;, Of tO a
combination of these values and v_ is calculated as before as
a function of v, and v,,,. The values v, and v,, are stored as
previously in the memory 18 if the validation means find that
the measurement is not within the calibration blind area Z.

The logic 17 determines automatically if the value V_ is
to be calculated by considering whether the target is initially
far away or nearby. The processing sequence carried out by
the logic then comprises the following steps (see FIG. S):
acquisition of values v, and v,,,. v,,., (step 40), analysis of
the parameters to designate the target as initially nearby or
far away (step 41), and calculation of the switching value v,
in the appropriate manner, i.e. taking account of the target
designation in step 41 (step 42).

The operation of the detector of the invention for a target
that is initially far away is explained below with reference to
the figures, and in particular with reference to FIG. 4.

An operating sequence begins when the detector 3¢ 1s
powered up. Depending on whether the answer to the
question “calibration done?” in step 31 is “yes” or “no”, the
processor logic operates after a time-delay 32 to carry out a
detection mode sequence 34 or a learning mode sequence
33. In the latter case, the detector is switched to the detection
mode immediately after the learning phase is completed and
validated. The learning signal RZ can be applied at any time
(35) to switch from the detection mode to the learning mode
and to start a new learning phase leading to recalibration of
the detector.

When the power supply is connected to the terminals 12
the supply voltage of the sensor unit 11 rises to V™ and the
output voltage of the sensor unit reaches the value V,,. At the
end of a 100 ms time-delay, for example, the circuit 20
supplies the signal R to the processor logic.

The acquisition and calculation means 17a acquire the
initial digital value v, from the converter 16 and the logic 17
causes a diode of the display device 19 to flash on and off.
The target A moves towards the detector, with the result that
the sensor unit output voltage varies as shown in FIG. 2. The
acquisition and caiculation means 174 acquire the interme-
diate valuev,___or v,,., and deduce from it the extreme value
v_. They then calculate the value v, as a function of v, and
v,.. The validation means validate this value if the extreme
value is outside the blind area Z; the calibration operation
must be started again if this is not the case.

When the voltage V reaches the value V, near the initial
value V,,. the validation means define the end of the learning
phase and the switching value v, and the hysteresis value v,
are stored in the EEPROM 18. The detector then switches to
the detection mode 34 and the display device stops flashing
on and off to indicate the switching state; when a target
moves closer the minimal value of the voltage that is then
obtained is compared with the value v, read out from the
memory and as a result the processor circuit generates a
signal indicating the presence of an object.
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Note that the duration t,—t, of the learning phase is not
fixed and is determined by the manner in which the target
moves closer and farther away.

We claim:

1. A proximity detector comprising:

a sensor unit sensing a range of a target and outputting an
analog signal depending on the sensed range of the
target;

an electronic processor circuit receiving the analog signal
from the sensor unit and connected to an output stage
that produces a signal indicative of a presence or an
absence of a target according to whether the sensed
range of the target is less than or greater than a
switching distance;

the processor circuit operating in a learning mode during
which the target 1s moved and in a detection mode and
including;

a non-volatile memory into which a switching value
acquired in the learning mode is written. the switch-
ing value being read out from the memory in the
detection mode;

means for digitizing the analog signal; and

acquisition and calculation means included in logic
controlled by a learning signal, the acquisition and
calculation means being used in the learning mode
and acquiring at a start of the learning mode an initial
value of a digital detection signal indicative of an
initial position of the target. acquiring during the
learning mode as the target is moved an extreme
value indicative of an intermediate state of the
targets. and calculating a switching value according
to the initial value and the extreme value;

the logic defining an end of the learning mode when the
vatue of the detection signal is indicative of a return
of the target to a state near the initial position.

2. The proximity detector according to claim 1. wherein
the start of the learning mode is a time of a first application
of a supply voltage to the proximity detector.

3. The proximity detector according to claim 1. wherein
the start of the learning mode is a time of application of an
external signal to a terminal of the proximity detector.

4. The proximity detector according to claim 1, wherein
the processor circuit further includes validation means for
validating the acquisition and calculation means when the
extreme value is outside a calibration blind area.

5. The proximity detector according to claim 1, wherein
the processor logic is connected to a display device for
providing a visual distinction between the learning mode
and the detection mode.

6. The proximity detector according to claim 1, wherein
the processor logic determines in the learning mode a digital
hysteresis value dependent on the initial value and the
extreme value and that is stored in the non-volatile memory.

7. A proximity detector comprising:

a sensor unit sensing a range of a target and outputting an
analog signal depending on the sensed range of the
target;

an electronic processor circuit receiving the analog signal
from the sensor unit and connected to an output stage
that produces a signal indicative of a presence or an
absence of a target according to whether the sensed
range of the target is less than or greater than a
switching distance;

the processor circuit operating in a learning mode during
which the target is moved and in a detection mode and
including;
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a non-volatile memory into which a switching value
acquired in the learning mode 15 written, the switch-
ing value being read out from the memory in the
detection mode;

means for digitizing the analog signal; and

acquisition and calculation means included in logic
controtled by a learning signal. the acquisition and
calculation means being used in the learning mode
and acquiring at a start of the learning mode an initial
value of a digital detection signal indicative of an
initial position of the target. acquiring during the
learning mode as the target is moved an extreme
value indicative of an intermediate state of the target,
and calculating a switching value according to the
initial value and the extreme value;

the logic defining an end of the learning mode when the
value of the detection signal is indicative of a return
of the target to a state near the initial position;

wherein the acquisition and calculation means calcu-
lates the switching value according to a difference
between the initial value and the extreme value of the
digital signal and a sign of this difference, and adapts
the calculation to the initial value of the target.

8. The proximity detector according to claim 7, wherein
the start of the learning mode is a time of application of an
external signal to a terminal of the proximity detector.

9. The proximity detector according to claim 7, wherein
the processor circuit further includes validation means for
validating the acquisition and calculation means when the
extreme value is outside a calibration blind area.

10. The proximity detector according to claim 7. wherein
the extreme value is a minimal value or a maximal value
measured during the learning mode.

11. The proximity detector according to claim 7. wherein
the extreme value is a maximal value or a minimal value
between two minimal values or respectively maximal values
measured during the learning mode.

12. The proximity detector according to claim 7. wherein
the processor logic is connected to a display device for
providing a visual distinction between the learning mode
and the detection mode.

13. The proximity detector according to claim 7. wherein
the processor logic determines in the learning mode a digital
hysteresis value dependent on the initial value and the
extreme value and that is stored in the non-volatile memory.

14. The proximity detector according to claim 7, wherein
the start of the learning mode is a time of a first application
of a supply voltage to the proximity detector.

15. A proximity detector comprising:

a sensor unit sensing a range of a target and outputting an
analog signal depending on the sensed range of the
target;

an electronic processor circuit receiving the analog signal
from the sensor unit and connected to an output stage
that produces a signal indicative of a presence or an
absence of a target according to whether the sensed
range of the target is less tham or greater than a
switching distance;

the processor circuit operating in a learning mode during
which the target is moved and in a detection mode and
including;

a non-volatile memory into which a switching value
acquired in the learning mode is written. the switch-
ing value being read out from the memory in the
detection mode;

means for digitizing the analog signal; and

acquisition and calculation means included in logic
controlled by a learning signal. the acquisition and
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calculation means being used in the learning mode
and acquiring at a start of the learning mode an initial
value of a digital detection signal indicative of an
initial position of the target. acquiring during the
learning mode as the target is moved an extreme
value indicative of an intermediate state of the target,
and calculating a switching value according to the
initial value and the extreme value;

the logic defining an end of the learning mode when the
value of the detection signal is indicative of a return
of the target to a state near the initial position;

wherein the extreme value is a minimal value or a
maximal value measured during the learning mode.

16. The proximity detector according to claim 15. wherein
the start of the learning mode is a time of application of an
external signal to a terminal of the proximity detector.

17. The proximity detector according to claim 15, wherein
the processor circuit further includes validation means for
validating the acquisition and calculation means when the
extreme value is outside a calibration blind area.

18. The proximity detector according to claim 13, wherein
the processor logic is connected to a display device for
providing a visual distinction between the learning mode
and the detection mode.

19. The proximity detector according to claim 15, wherein
the processor logic determines in the learning mode a digital
hysteresis value dependent on the initial value and the
extreme value and that is stored in the non-volatile memory.

20. The proximity detector according to claim 15, wherein
the start of the learning mode is a time of a first application
of a supply voltage to the proximity detector.

21. A proximity detector comprising:

a sensor unit sensing a range of a target and outputting an
analog signal depending on the sensed range of the
target;

an electronic processor circuit receiving the analog signal
from the sensor unit and connected to an output stage
that produces a signal indicative of a presence or an
absence of a target according to whether the sensed
range of the target is less than or greater than a
switching distance;

the processor circuit operating in a learning mode during
which the target is moved and in a detection mode and
including;
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a non-volatile memory into which a switching value
acquired in the learning mode is written, the switch-
ing value being read out from the memory in the
detection mode;

means for digitizing the analog signal; and

acquisition and calculation means included in logic
controlled by a learning signal, the acquisition and
calculation means being used in the learning mode
and acquiring at a start of the learning mode an initial
value of a digital detection signal indicative of an
initial position of the target. acquiring during the
learning mode as the target is moved an extreme
value indicative of an intermediate state of the target,
and calculating a switching value according to the
initial value and the extreme value;

the logic defining an end of the learning mode when the
value of the detection signal is indicative of a return

of the target to a state near the initial position;

wherein the extreme value is a maximal value or a
minimal value between two minimal values or
respectively maximal values measured during the
learning mode.

22. The proximity detector according to claim 21, wherein
the start of the learning mode is a time of application of
external signal to a terminal of the proximity detector.

23. The proximity detector according to claim 21, wherein
the processor circuit further includes validation means for
validating the acquisition and calculation means when the
extreme value is outside a calibration blind area.

24. A proximity detector according to claim 21, wherein
the processor logic is connected to a display device for
providing a visual distinction between the learning mode
and the detection mode.

25. The proximity detector according to claim 21, wherein
the processor logic determines in the learning mode a digital
hysteresis value dependent on the initial value and the
extreme value that is stored in the non-volatile memory.

- 26. The proximity detector according to claim 21. wherein
the start of the learning mode is a time of a first application
of a supply voltage to the proximity detector.
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